The effects of microclimate due to tree presence on weeds development were assessed under Baobab (Adansonia digitata) and Néré (Parkia biglobosa) in a parkland in Nobéré (Burkina Faso). In association with these trees, two crops were grown: a shade tolerant crop (Colocasia esculenta, taro) and a shade intolerant cereal (Pennisetum glaucum, Millet). Weeds species and biomass production were assessed in a plot (0.5m X 0.5 m) in three concentric zones around tree trunk (A, B and C) and in the open field (H). Shannon's diversity index was calculated for each zone of both tree species and both crops. Seventy-six (76) weeds species from nineteen (19) families were recorded on the parkland from which only 13 families were found in the open field. Then, weeds floristic composition was more diversified in area beneath both trees species compared to the open field. The most represented weeds family in the open field was Poaceae while under both tree species, the most recorded species were from Amaranthaceae family. In addition, more weeds species were associated with Néré tree (58 species) compared with baobab tree (48 species). The number of weeds species increased from Néré tree trunk (17) to the surrounding area of the edge of tree crown (25) in contrast of baobab tree associated with taro (16 and 6, beneath trunk and crown edge, respectively). Moreover, growing taro under tree crown reduced the number of weeds species and also weeds development (low biomass production) under tree crown compared with millet. Therefore, introducing a shade tolerant crop as taro in parkland agroforestry system could help farmers to control weeds under trees in their farms.
INTRODUCTION
Parkland agroforestry systems are the practices of growing crops and these scattered trees together on the same area and at the same time (Bayala et al., 2014) . These systems are common in West Africa and have been used since ancient times by farmers to obtain both products from trees and crops in order to enhance their food security (Bayala et al., 2014; Yaméogo et al., 2013; Larwanou et al. 2010) . Both trees and crops interact underground and above-ground in parkland agroforestry systems (Bayala et al., 2002) .
Several workers reported changes in climate parameters under trees compared with the conditions in the open field (Bayala et al., 2002; Noordwijk et al., 2004) . The microclimate due to tree presence is characterised by lower sun radiation reaching the soil, lower air and soil temperature, higher air and soil moisture compared with the open field (Bayala et al., 2015) . According to these last authors, the reduction of sunlight under tree crown which depends on tree architecture results in a decrease of temperature that finally reduce evaporation under tree crown.
The microclimate created under tree crowns is reported to have various impacts on understored grasses (Kambatuku et al., 2011) . The effect of Faidherbia albida tree shade is associated with lower weeds diversity and a significantly lower density of the plant parasite Striga hermontica compared with open areas. Gworgwor (2007) found none emergence of S. hermontica under F. albida trees whereas the parasite was causing up to 17.13% reduction of millet panicle yield in open area in Nigeria. Indeed, the lack of radiation under trees selectively suppresses plants which have high demand for light for their development. Ludwig et al. (2004) found a completely different composition of the herbaceous species under Acacia trees compared to open grassland. These authors suggested that the observed different in herbaceous composition was mainly due to nutrient availability because similar species compositions were found for stands with same oil nutrient concentrations while light and water availability were different.
Many workers have also reported a higher biomass production of grasses underneath of trees compared with open areas (Moustakas et al., 2013; Kambatuku et al., 2011) . Moustakas et al. (2013) reported that grass biomass production was higher under savanna trees compared to the outside when annual average rainfall was lower than 550 mn but no different was noticed when annual average rainfall was equal to 737mn. The higher biomass production of plants undernath of tree compared to the outside is explained by more nutrients and water availability under tree (Bayala et al., 2014; Ndiaye Samba et al., 2012; Ludwig et al., 2004) .
In sum, trees in parklands agroforestry systems seem to increase weeds problem which is known as the most pest in West African savannah agriculture. Indeed, the major cereal crops (C4 plants) are less competitive than C3 weeds species under tree (Bayala et al., 2015) . In addition, due to the reduction of cereal yield under tree, some farmers do not cultivate the area beneath tree as recommended by Saidou et al. (2012) . These areas then constitute reserves of weed seeds. Therefore, growing a shade tolerant crop under tree could help controlling weeds in parkland agroforestry systems.
In the present study, the effects of microclimate due to tree presence on weeds development in millet (Pennisetum glaucum) and taro plots were assessed under Baobab (Adansonia digitata) and Néré (Parkia biglobosa) in a parkland with a view to identifying weeds species specific to the microclimate due to trees presence and to reduce the development of weeds by growing a shade tolerant crop (Colocasia esculenta) in the area shaded by tree crown.
MATERIALS AND METHODS

Study site
The study was carried out in a parkland in Nobéré, a village located at 11°30' North and 00°58' West in the south-central region of Burkina Faso (West Africa). The area is Sudanian savanna zone with a rainy season of 4-5 months and annual rainfall of 800-1000 mm (Nikiéma, 2005) . The rainfall in 2007 was 46.1 mm higher than the normal maximum for the region. As showed on Figure 1 , the high rainfall of 2007 was not evenly distributed and about half of the annual rainfall was recorded only in August (412 mm). The soil is luvisol with a sandy loam texture (clay=11.5%, silt = 20.1% and sand= 68.4%) with low nutrient content (N=0.69 g kg -1 , P=0.14 g kg -1 and K=0.50 g kg -1
) and low organic matter content (1.32%) in the 10-cm upper soil layer (Sanou et al., 2012b) .
The study was carried out in a parkland of 100 ha where the most frequent tree species were indigenous fruit trees including Adansonia digitata, Lannea microcarpa, Parkia biglobosa and Vitellaria paradoxa (Sanou et al., 2012b) . Tree densities per species on the parkland were 0.25 individual ha -1 for A. digitata (Baobab), 1.18 ha -1 for L. microcarpa, 1.81 ha -1 for P. biglobosa (Néré) and 9.76 ha -1 for V. paradoxa (Karité). The overall average tree density for all species was 13.58 individuals ha -1 (Sanou et al., 2012b) .
Tree selection
The two tree species, Adansonia digitata and Parkia biglobosa were chosen for the study because of their high frequency in parklands of Sudanian savanna zone and also because of their contrasting phenology and light interception. Eight isolated mature trees of each of the two tree species (A. digitata and P. biglobosa) were randomly selected within a parkland. Tree characteristics such as height, circumference at 1.30 m aboveground and average crown (north-south and east-west orientations) diameters were measured and used to plan the experimental design. Average height, circumference at 1.30 m and crown diameter were 15.50±1.10 m, 5.92±0.59 m and 16.52±0.82 m, respectively for baobab and 11.07±0.33 m, 2.19±0.11 m and 17.14±0.83 m, respectively for Néré.
Experimental design and layout
The area around each of the selected sixteen trees was subdivided into three concentric zones according to its crown size as follows: Zone A -from the trunk of each tree up to half of the radius of the tree crown; Zone B -from half of the radius of the tree crown up to the edge of the crown; Zone C -from the edge of the tree crown up to 3 m away; A control plot (Zone H) of an area of 8 x 8 m was delimited for each sample tree to assess crops performance in the open area. The control plot was situated at least 40 m away from the edge of the crown of the sample tree but not shaded by any of the surrounding trees at any time of the day throughout the cropping season (Figure 2 ). Dividing the area under tree into concentric zones were preferred to directional transects to reduce directional biases related to leaf and rainfall, and micro-variability of soil fertility and to separate the different influence zones of tree as defined by Rao et al. (1998) . In addition, these zones reflect different light interception by both trees as observed by Sanou et al. (2012a) . The authors showed that the photosynthetically active radiation (PAR) recorded in the open area (67.78 mol m -2 per day) was reduced under P. biglobosa by 82.73%, 55.16% and 18.42% (in zones A, B and C, respectively) while under A. digitata the reduction was 62.49%, 37.74% and 15.48% (in the zones A, B and C, respectively).
Taro was grown under four selected trees of each tree species and millet under the other four trees of each species. The association of crops to selected trees was randomly done for each tree species. At the time of crop sowing, two weeds plots (WP) of 0.5mX0.5m (0.25 m 2 ) were randomly located within each concentric zone and the control plot ( Figure 2 ). These plots were not weeded throughout the growing season. The weeds on these plots were identified and harvested just before crop harvest.
Data assessment
For each tree species and each crop, the number of species of weeds (Richness), the total number of individuals of each species (abundance) was determined for each zone (A, B and C) and for the control plot. The relative frequency (F in %) of each weed species for each zone was calculated as:
Number of individual s of a given species in the zone Total number of individual s of all species in the zone The abundance of weed species in each zone was used to calculate Shannon's diversity index (H) using the equation:
where n = number of individuals of a given species and N = total number of individuals of all species. The total biomass of weeds per zone for each tree was weighed after drying the samples during 48 hours in an oven at 80 °C. Then, weeds were separated into different families and their species identified.
Statistical analysis
According to Wilson et al. (1998) , it is not possible to calculate a valid estimation of error as residuals of zones are correlated in a concentric zones experimental design. Therefore, weeds parameters variations between concentric zones and the control plot were tested using a pairwise t-tests. It was assumed that the difference between the two zones compared was equal to zero and this hypothesis was rejected in case of a significant result of the t-test. An ANOVA using library Agricolae (1.2-1) of R software (3.2.1) was performed to test the effects of tree species and crops on Shannon's diversity index and weeds biomass production. The means were compared using Tukey's test at a confidence level of 95%. 
RESULTS
Weed floristic composition
Over the whole study area, 19 families of weed species were recorded but only 13 families were found in the open area, 12 families in the area influenced by baobab trees and 18 families under Néré trees. A total of 76 weed species were collected in the study area (Table 1 ) and, as shown in Table 2 , 60% of these species belong to the families of Poaceae, Fabaceae, Cyperaceae and Rubiaceae (30%, 12%, 9% and 9% respectively).
Tree species had an impact on weed floristic composition ( The weed floristic composition varied between concentric zones. The high representation of Poaceae, Cyperaceae, Fabaceae and Rubiaceae families in the open area decreased towards the trunks of both tree species. In the areas surrounding tree trunks, the most represented weed families were Amaranthaceae, Poaceae and Tiliaceae under baobab trees and Amaranthaceae, Lamiaceae, Poaceae and Acanthaceae under Néré trees. In the association between Néré trees and both crops, the number of weed species significantly (P=0.042) decreased from zone C (25 and 24, for millet and taro, respectively) to zone A (15 and 17, for millet and taro, respectively), while in the association of baobab trees and taro, weed species number increased from zone C (6) to zone A (16) ( Table 3 ). For the association of baobab trees and millet, the highest number of weed species was recorded in zone B (23) and the lowest in zone A (17).
The most represented weed species in a plot changed with the crop species and zone (Tables 5 and 6 ). In the open area, the millet plots were more infested by Alysicarpus ovalifolius and Spermacoce radiata (11%) while the major weeds in taro plots were Digitaria horizontalis and Fimbrystilis hyspidula (15%). The most represented weed species in the zones under baobab trees crown (zones A and B) was Commelina forskaolaei (in association with millet 17% and 13%, respectively and 14% and 21%, respectively in association with taro). For baobab trees associated with taro, Leucas martinicensis (14%) had the same frequency as Commelina forskaolaei in zone A. Commelina forskaolaei and Leucas martinicensis were also the major weed species (13%) in zone A of Néré trees associated with millet, while in zone B, Leucas martinicensis was the most represented weed (17%). Zone A of the Néré and taro association was most occupied by Leucas martinicensis (11%) and Pennisetum pedicellatum (11%) whereas zone B was most infested by Tacca involucrata (13%).
There was significant difference of Shannon's diversity index (SDI) between tree species (2.57 and 2.86, A: digitata and P. biglobosa, respectively) and between crops (2.86 and 2.60, millet and taro, respectively; P=0.026). No significant interaction was noticed between the factors tree species and crops. As showed in Figure 3 ; there was a slightly increase of SDI from tree trunk to the open field for millet plots. In contrast, no significant difference was noticed in SDI of taro plot according to zones. In addition, SDI was lower in taro plots of zones B,C and H compared with millet plots.
Weeds biomass
There was no significant difference in the biomass production of weeds between tree species and between crops (P=0.071). The average weights of weeds harvested under baobab and Néré trees were 238.17±46 g m One of the effects of trees was an increase of the numbers of weed families and species in the present study, in contrast to previous works carried out on the effect of Faidherbia albida (Gworgwor, 2007) 
